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Bound on minimal universal extra dimensions from B 
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We reexamine the constraints on universal extra dimensional models arising from the inclusive 
radiative B ^ Xsj decay. We take into account the leading order contributions due to the exchange 
of Kaluza-Klein modes as well as the available next-to-next-to-leading order corrections to the 
B branching ratio in the standard model. For the case of one large flat universal extra 

dimension, we obtain a lower bound on the inverse compactiflcation radius 1/R > 600 GeV at 95% 
confidence level that is independent of the Higgs mass. 
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The branching ratio of the inclusive radiative i3- meson 
decay is known to provide stringent constraints on vari- 
ous non-standard physics models at the electroweak scale, 
because it is accurately measured and its theoretical de- 
termination is rather precise. 

The present experimental world average which includes 
the latest measurements by CLEO [l|, Belle [2j], and 
BaBar |3] is performed by the Heavy Flavor Averaging 
Group and reads for a photon energy cut of Ej > Eq 
with Eo = 1.6 GeV in the i3-meson rest-frame 
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B{B ^ A,7)exp = (3.55 ± 0.24l'^-^ll ± 0.03) x 10"* . (1) 

Here the first error is a combined statistical and sys- 
tematic one, while the second and third are system- 
atic uncertainties due to the extrapolation from Eq = 
(1.8 — 2.0) GeV to the reference value and the subtrac- 
tion of the B Xd"f event fraction, respectively. 

After a joint effort 0, the first theoretical deter- 

mination of the total B — > Xs"/ branching ratio at next- 
to-next-to-leading order (NNLO) QCD has been pre- 
sented recently in @, Q . In [§| this fixed-order result has 
been supplemented with perturbative cut-related 0{a^) 
corrections and an estimate of enhanced Aqcd 
non-local power corrections using the vacuum insertion 
approximation jTlj. For Eq = 1.6 GeV the result of the 
improved standard model (SM) evaluation is given by 




BiB^Xsj)sM = (2.98 ±0.26) 



X 10" 



(2) 



where the uncertainties from higher-order perturbative 
effects {1le%), hadronic power corrections (±5%), para- 
metric dependencies (±4%), and the interpolation in the 
charm quark mass (±3%) have been added in quadrature 
to obtain the total error. 

Compared with the experimental world average of 
Eq. Il]), the new SM prediction of Eq. ([2]) is lower by 
around 1.4 cr. Potential beyond SM contributions should 
now be preferably constructive, while models that lead to 
a suppression of the b —>■ sj amplitude are more severely 
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FIG. 1: B(B X,j) for Eo = 1.6 GeV as a function of 1/R. 
The red (dark gray) band corresponds to the LO mUED result. 
The 68% CL range and central value of the experimental/SM 
result is indicated by the yellow/green (light/medium gray) band 
underlying the straight solid line. See text for details. 



constrained than in the past, where the theoretical de- 
termination used to be above the experimental one. 

Among the scenarios of the latter category is the model 
of Appelquist, Cheng, and Dobrescu (ACD) [l3| as em- 
phasized in [3, [I!]. In the ACD framework the SM 
is extended from four-dimensional Minkowski space-time 
to five dimensions and the extra space dimension is com- 
pactified on the orbifold /Z2 in order to obtain chiral 
fermions in four dimensions. The five-dimensional fields 
can equivalently be described in a four-dimensional La- 
grangian with heavy Kaluza-Klein (KK) states for every 
field that lives in the fifth dimension or bulk. In the 
ACD model all SM fields are promoted to the bulk. The 
orbifold compactiflcation breaks KK number conserva- 
tion, but preserves KK-parity. This property implies, 
that KK states can only be pair-produced, that their vir- 
tual effect comes only from loops, and causes the lightest 
KK particle (LKP) to be stable, therefore providing a 
viable dark matter (DM) candidate [l^ with promising 



2 



prospects for direct and indirect detection. See [it'I for a 
recent review on the DM and coUider phenomenology of 
the ACD model. 

The full Lagrangian of the ACD model includes both 
bulk and boundary terms. The bulk Lagrangian is de- 
termined by the SM parameters after an appropriate 
rescaling. The coefficients of the boundary terms, how- 
ever, although volume suppressed, are free parameters 
and will get renormalized by bulk interactions. Flavor 
non-universal boundary terms would lead to unaccept- 
ably large flavor-changing-neutral-currents (FCNCs). In 
the following we will assume vanishing boundary terms 
at the cut-off scale and that the ultraviolet completion 
does not introduce additional sources of flavor and CP 
violation beyond the ones already present in the model. 
These additional assumptions define the minimal univer- 
sal extra dimension (mUED) model which be long s to the 
class of constrained minimal-flavor-violating [l9| scenar- 
ios. With this choice contributions from boundary terms 
are of higher order |3Q] and one only has to consider the 
bulk Lagrangian in leading order (LO) calculations in the 
ACD model. 

Since at LO the 6 — > 57 amplitude turns out to be 
cut-off independent [l5| the only additional parameter 
entering the mUED prediction of B{B — > Xg^) relative 
to the SM is the inverse of the compactification radius 
1/ R. For a light Higgs mass of ruh = 115 GeV a careful 
analysis of oblique corrections [l^l gives a lower bound of 
1/i? > 600 GeV at 90% confidence level (CLV well above 
current colhder hmits of 1/i? > 300 GeV [2l|. With in- 
creasing Higgs mass the former constraint relaxes signif- 
icantly leading to 1/i? > 300 GeV at 90% CL for m,, = 
500 GeV [131 . Other constraints on 1/i? that derive from 
the Z — > 66 pseudo observables 1221 . the muon anoma- 
lous magnetic moment {g — 2)^ [23|, and several FCNC 
processes 0, H Hi] are with 1 /i? > (200 - 250) GeV in 



general weaker. 

Values of 1/i? as low as 300 GeV would also lead to an 
exciting phenomenology in the next generation of collid- 
ers [ITl l21| and could be of interest in connection with 
DM searches [3]. Collider measurements alone do not 
place an upper bound on 1 / R. LKPs would overdose the 
universe for 1/i? > 1.5 TeV providing motivation for 
considering weak-scale KK particles. 

The purpose of this Letter is to point out that com- 
bining the present experimental world average with the 
improved SM prediction of B{B ^s7) forces the com- 
pactification scale 1/i? of the mUED model to lie above 
600 GeV if errors are treated as Gaussian. This 95% CL 
exclusion bound is independent of the Higgs mass and 
therefore stronger than the constraint that follows from 
electroweak precision data. The possibility to derive such 
a powerful bound has already been anticipated in (l5] . 

The mUED prediction of S(i? X^-i) for Eq = 
1.6 GeV as a function of 1 /i? is displayed by the red (dark 
gray) band in Fig.[T] The yellow (light gray) and green 





FIG. 2: One-loop corrections to the 6 ^ S7 amplitude in the 
mUED model involving infinite tow/ers of the KK modes. Dia- 
grams w/here the SU{2) quark doublets Qq{k) are replaced by the 
SU{2) quark singlets Wq(fc) are not shown. See text for details. 



(medium gray) band in the same figure shows the ex- 
perimental and SM result as given in Eqs. ([1]) and 
respectively. In all three cases, the middle line is the 
central value, while the widths of the bands indicate the 
uncertainties that one obtains by adding individual errors 
in quadrature. The strong suppression of B{B Xgj) 
in the mUED model with respect to the SM expectation 
14 , and the slow decoupling of KK modes is clearly 
seen in Fig.[TJ 

In our numerical analysis, matching of the mUED Wil- 
son coefficients at the electroweak scale is complete up 
to the LO 15|, while terms beyond that order include 
SM contributions only. The LO mUED matching correc- 
tion to the 6 — > 57 amplitude is found from the one-loop 
diagrams that can be seen in Fig. [51 The shown Feyn- 
man graphs have been calculated first in 15| . They con- 
tain apart from the ordinary SM fields, infinite towers 
of the KK modes corresponding to the Vl^-boson, 



the pseudo Goldstone boson, G^^,^ , the SU (2) quark dou- 
blets, Qq(k)i and singlets, Uq(k)- Additionally, there ap- 



pears a charged scalar. 



'(fc) 



which has no counterpart 



in the SM. The uncertainty related to higher orders in 
the mUED model is estimated by varying the matching 
scale between 80 and 320 GeV. It does not exceed lg% 
for 1/i? in the range of 0.2 and 1.5 TeV. Whether this 
provides a reliable estimate of the next-to-leading order 
(NLO) QCD corrections to B{B Xsj) in the mUED 
model can only be seen by performing a complete two- 
loop matching involving KK gluon corrections. Such a 
calculation seems worthwhile but it is beyond the scope 
of this Letter. 

Since the experimental result is at present above the 
SM one and KK modes in the mUED model interfere 
destructively with the SM 6 — > S7 amplitude, the lower 
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FIG. 3: The upper/lower panel displays the 95% CL limits on 
1/R as a function of the experimental/SM central value (hori- 
zontal axis) and total error (vertical axis). The experimental/SM 
result from Eq. ([TJ/Eq. is indicated by the black square. The 
contour lines represent values that lead to the same bound in 
TeV. See text for details. 



bound on 1/R following from B{B Xg'^) turns out 
to be stronger than what one can derive from any other 
currently available measurement. If all the uncertainties 
are treated as Gaussian and combined in quadrature, the 
95% (99%) CL bound amounts to 600 (330) GeV. In 
contrast to the limit coming from electroweak precision 
measurements the latter exclusion is almost independent 
of the Higgs mass because genuine electroweak effects re- 
lated to Higgs exchange enter B{B Xgj) first at the 



two-loop level. In the SM these corrections have been cal- 
culated [2^ and amount to around —1.5% in the branch- 
ing ratio. They are included in Eq. Neglecting the 
corresponding two- loop Higgs effects in the mUED model 
calculation should therefore have practically no influence 
on the derived limits. 

The upper (lower) contour plot in Fig.[3]shows the 95% 
CL bound of 1/R as a function of the experimental (SM) 
central value and error. The current experimental world 
average and SM prediction of Eqs. ^ and ^ are indi- 
cated by the black squares. These plots allow to mon- 
itor the effect of future improvements in both the mea- 
surements and the SM prediction. One should keep in 
mind, of course, that the derived bounds depend in a non- 
negligible way on the treatment of theoretical uncertain- 
ties. Furthermore, the found limits could be weakened by 
the NLO QCD matching corrections in the mUED model 
which remain unknown. 

To conclude, we have pointed out that combining the 
present experimental with the improved standard model 
result for the branching ratio of the inclusive B ^ Xs^ 
decay implies that the inverse compactification radius of 
the minimal universal extra dimension model has to sat- 
isfy 1/R > 600 GeV at 95% confidence level if all the un- 
certainties are treated as Gaussian. This lower bound is 
independent from the Higgs mass and therefore stronger 
than the limits that can be derived from any other cur- 
rently available measurement. This underscores the out- 
standing role of the inclusive radiative i3-meson decay in 
searches for new physics close to the electroweak scale. 
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